This open trial study was carried out to evaluate safety, side effects and efficacy of once a week alendronate sodium trihydrate (Sandoz, Pyrmant, Australia) for inhibiting bone resorption and bone turnover in 35 postmenopausal osteoporotic patients. Serum beta crosslaps was used to evaluate bone resorption, Serum N-MID osteocalcin to estimate overall bone turnover, and serum P1NP to estimate bone formation. The patients received the drug every week for 12 weeks. They were examined and evaluated for pain, side effects and bone turnover markers at 6 weeks and 12 weeks after the first dose. Eleven patients had mild side effects, with only one requiring ceasing participation in the trial. At the 12 week follow up, 85.3%, had normal serum beta crosslap and all patients had normal serum N-MID osteocalcin. Low serum P1NP was found in 6 patients. All patients had significantly improved pain. The trial drug normalizes bone turnover markers in acceptable numbers of patients during the trial.
INTRODUCTION
Alendronate is a commonly used antiresorption drug for the prevention of osteoporotic fracture 1 . The main mechanism by which this drug works is through apoptotic induction of osteoclasts 2 . Long term use of the drug resulted in the prevention of both primary and secondary osteoporotic fractures [3] [4] [5] . Alendronate is usually administered to postmenopausal women with bone mineral density (BMD) less than -2.5 and high bone turnover rate, high serum beta crosslaps and N-MID osteocalcin [6] [7] [8] . The original drug, Fosamax®, results in rather rapid onset for inhibition of bone resorption which in turn causes normalization of serum beta crosslaps and serum N-MID osteocalcin in all patients within 12 weeks [9] [10] [11] . Recently, many generic alendronate formulations have appeared on the market with lower costs of treatment. One of the most interesting generic drugs is the once a week Sandoz formulation of oral alendronate sodium trihydrate 70mg, which has an encouraging pharmacologic profile. The aim of this study was to investigate the side effects, safety and efficacy of this generic drug including effect on bone turnover markers.
MATERIALS AND METHODS
For sample size calculation, we estimated that 90% of the patients would have normal serum beta crosslap 12 weeks following initiation of alendronate sodium trihydrate 70 mg (Sandoz) administration with an alpha error of 0.05. Utilising nQuery advisor software, Version POCO-1 for Windows, we calculated that the sample size should be 35.
The study was conducted through the Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University. Patients were interviewed and physical exams were conducted before beginning the trial. T-scores for BMD below -2.5 at the spine and femoral neck compared to normal young adults were used to diagnose osteoporosis. Blood tests including complete blood count (CBC), fasting blood sugar, uric acid, renal and liver function tests and serum bone turnover markers were conducted in the patients before the trial. Bone turnover markers included: 1) serum parathyroid hormone to check for the possibility of secondary osteoporosis (normal value, 15.00 -65.00 pg/ml); 2) serum beta crosslap for evaluation of bone resorption (normal value, < 0.32 ng/ml); 3) serum N-MID osteocalcin for evaluation of overall bone turnover rate (normal value, 1.00 -35.00 ng/ml) and 4) serum procollagen type 1 aminoterminal propeptide (P1NP) for evaluation of new bone formation (normal value, 15.00 -74.00 ng/ml) . The bone turnover marker test kits were the products of Roche Diagnostic Company.
Inclusion criteria were: 1) post menopausal osteoporosis with one, or more than one, clinically healed osteoporotic fracture; 2) patients who had T-scores of bone mineral density of the spine and femoral neck below -2. Patients gave written informed consent to participate in the study, and were instructed that they could choose to discontinue participation in the trial at any time. This study was approved by the Siriraj Ethics Committee, project number 239/2552 (ECI), 31/07/2552.
Biographic data of the patients and pain characteristics were recorded. Pain severity at or around fracture sites was evaluated with the use of a visual analogue scale (VAS, possible scores 0-10, with higher numbers indicating more severe pain). Pain in other areas was also assessed and recorded. Associated and underlying diseases of the patients were reviewed and recorded. All laboratory tests, plain radiographs and T-scores of BMD of the patients were rechecked and recorded.
Following the enrollment procedures noted above, study participants were prescribed once a week, oral alendronate sodium trihydrate (Sandoz, Pyrmant, Australia) of 70 mg. The patients were instructed to take the drug in the morning before breakfast with a glass of water. They had to sit quietly for at least half an hour after taking the drug before taking part in any activities or eating their breakfasts. Patients were also prescribed an oral multivitamin with 800 IU of vitamin D and 1,000 mg of calcium carbonate per day for the study period. Paracetamol and NSAIDs were prescribed to be taken as needed for patients who still had pain related to osteoporosis or other musculoskeletal conditions continuing during the study.
Follow-up visits were conducted at the end of the 2nd, 6th and 12th week following the first study medication dose. Physical examination, re-evaluation of pain, and evaluation of drug side effects were performed and the results were recorded. At the 6th and 12th week follow up laboratory tests for CBC, renal function, liver function and bone turnover markers were performed. In particular patients, who still had severe pain at follow-up visits (VAS > 30, at the fracture site or related areas underwent physical examination, plain radiography and all indicated blood tests to check for any other possible underlying conditions.
Descriptive analysis was conducted for all data. Student-T test was used for analysing continuous data. Chi-square test and analysis of variance were used for analysing discrete data. Before the trial, all patients had significant pain with VAS > 3, mean 6.23+1.81, (Table I ). All patients had normal renal and liver function according to laboratory results. Additionally, all patients had normal serum parathyroid hormone with an average of 47.46+18.55 pg/ml; normal to high serum N-MID osteocalcin; mean 26.34+9.92 ng/ml; serum P1NP, 67.28+33.68 ng/ml; and high serum beta crosslap, >0.32 ng/ml, with an average of 0.59+0.23 ng/ml (Table I) .
RESULTS

Thirty
At the 2 week follow up, significant improvement in pain was noted in 20 of 35 (57.1%), patients with an average VAS of 3.37+2.82 (Table I) . Seven patients experienced mild side effects including; nausea in 1,dyspepsia in 2, oedema in 1 patient, and muscle pain in 3 patients (Table II) , although all patients were able to continue the trial.
After trial drug administration for 6 weeks, 30 patients (85.7%) reported significant improvement in pain with an average VAS score of 2.62+3.07 (Table I) . Twenty-nine patients reported mild pain with VAS < 3. Thirty-three patients continued with normal results for blood sugar, renal and liver function tests; 2 patients had increased serum alkaline phosphatase. Normal serum parathyroid hormone, N-MID osteocalcin and P1NP was noted in most patients, and normal serum beta crosslap, <0.32 ng/ml, in 24 patients, 68.6% (Figure 1 ). The trial was continued in six patients who experienced mild side effects from the trial drug at the 2nd week follow up, but one patient with progressively worsening nausea discontinued the trial. That same patient also had a significant increase in serum alkaline phosphatase. No new cases of side effects were reported at the 6 week follow up (Table II) .
At the 12 week follow up, all patients reported minimal pain with VAS <3 with an average of 1.68+2.83 (Table I) . Thirtyfour patients had normal laboratory results for renal and liver function, except one patient who still had a slightly increase serum alkaline phosphatase continuing from the 6 week follow up. Although the 12 week serum alkaline phosphatase was higher than normal, it was lower than at the 6 week follow up. She had no other side effects. Five additional patients experienced mild side effects at the 12 week follow up (nausea in 1, dyspepsia in 1, muscle pain in 1, oedema in 1, and fever in 1 patient; Table II ). There were 11/34 patients, 32.3%, who had mild side effects and the trial drug could be continued until the end of the 12 weeks. Serum parathyroid hormone was below normal in 1 and normal to slightly high in 33 patients. All patients had normal N-MID osteocalcin with an average of 18.8+6.68 (Figure 1 ). Eight patients had abnormal serum P1NP, with 6 patients below normal and 2 patients with high serum P1NP; 26 patients had normal P1NP (Figure 1 ). Serum beta crosslap was <0.32 ng/ml in 29 (85.3%) patients, and 5 patients still had serum beta crosslap >0.32 ng/ml (Figure 1 ). 
DISCUSSION
The finding of normalized serum beta crosslap in 85.3% of the patients after 12 weeks of alendronate sodium trihydrate (Sandoz, 70mg) confirmed efficacy for inhibition of bone resorption Figure I . In previous practice at our institution, the original drug, Fosamax ® , also normalized serum beta crosslap in all postmenopausal osteoporotic patients with high bone turnover within 12 weeks. Thus, trial drug was slightly less efficacious than the original drug.
Serum parathyroid hormone slightly increased at the 6 week follow up, which may be the results of changing serum calcium due to the effects of the drug (Table II) . However, serum parathyroid hormone of most patients decreased to previous levels at the 12 week follow up. Serum N-MID osteocalcin of most patients was normal at the 6 and 12 week follow up, indicating good bone turnover suppression due to the trial drug (Figure 1 ). At the 12 week follow up, 6 patients (17.6%) had low serum P1NP which revealed low bone formation or over-suppression of bone formation. This finding is commonly found in the patients who used the original drug. Two patients experienced an increase in serum alkaline phosphatase. There was no clear explanation for this issue as alendronate has no direct effect on liver function and there was no similar report from our literature review. Close observation in more patients may be needed when the trial drug is used again.
Interestingly, all patients reported significantly improved pain during the trial, which may be the result of both bone anti-resorption effects of the trial drug and the use of pain medication. As pain medication before and during the 12 week-trial was similar, we hypothesize that the trial drug may have provided significant pain improvement.
Side effects were experienced in 34.3% of the patients during the trial, but discontinuation of the trial drug was necessary in only one patient. Alendronate is slowly absorbed and carries a rather high risk of oesophageal irritation 14, 15 . Various preparations of once a week 70 mg alendronate on the market in most ASEAN countries contain different ratios of alendronate monosodium and alendronate sodium trihydrate. Changes in the ratio may cause differences in drugs pharmacokinetics and pharmacodynamics, which may result in different outcomes in terms of side effects and inhibition of bone resorption. Various formulations of generic alendronate on the markets vary in disintegration time, between 14 to 342 seconds 16 . Alendronate with shorter disintegration time usually have better drug absorption but may result in increased incidence of oesophageal irritation. On the other hand, drugs with longer disintegration times will usually result in poorer drug absorption but they decreased incidence of oesophageal irritation. The original drug, Fosamax ® , has a disintegration time of 86 seconds 17, 18 , and a prevalence of oesophageal and gastrointestinal complication of approximately 2 -3 % which was comparable to placebo 15, 19 . In the present trial, 5 patients (14.3%) had mild to moderate oesophageal and gastrointestinal side effects with nausea in 2 patients and dyspepsia in 3 patients. This increased percentage of oesophageal and upper gastrointestinal complication may be due to the shorter disintegration time of the trial drug formulation; of note, our findings regarding gastrointestinal side effects of this generic alendronate are comparable to some previous reports of studies in other generic formulations [19] [20] [21] .
Although the trial drug was slightly less efficacious for bone resorption inhibition and we found higher prevalence of side effects than the original drug, this generic formulations costs 30 -45% less for treatment when compared to the original drug. Thus, the trial formulation may be suitable for primary osteoporotic fracture prevention in patients who cannot afford the cost of the original drug. The drug is also suitable for the patients in developing countries where per capita annual income is less that $5,000 US. It is important that patients be notified of the slightly higher chance of mild GI side effects than the original drug. Longer term studies are needed to test efficacy of the trial formulation for prevention of osteoporotic fractures.
CONCLUSION
Once a week oral alendronate sodium trihydrate (Sandoz, 70 mg) normalized serum bone turnover markers in an acceptable number of postmenopausal patients who had high bone turnover prior to the trial. However, mild GI complications were more common in patients prescribed the trial formulation when compared to patients taking the original drug, Fosamax ® .
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